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Abstract

The aim of this paper is to investigate the swiltching characteristics of hetrojuncation
photlotransistor (HPT). First, the static characteristics of the HPT are given under ideal
conditions o pet a physical insight on the main parameters affecting it's response. Then the
speed of response of HPT is addressed and supporied by simulation results reported  for
1.3 pm InGaAs/InP transistor.
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I Ideal Heterojunction Phototransistor
Let us examine the static
characteristics of the HPT derived in
section 2 under ideal conditions. Thisis
useful to get a simplified picture for the
behaviour of the transistor that can be used
later as a guideline to explain the switching
characteristics of the device. The following
assumptions are assumed to be satisfied in
videal HPT, ( i ) The incident light on the
device is absorbed in the base, base-
collector depletion region, and collector,
{ ii ) There is no surface recombination.
The base — collector junction acts
as a photodiode as shown in Fig. (1). The
expressions of the transistor current are

simplified as follows [1].
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where a=a,=a, is the absorption

coefficient.
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Further nis the quantum efficiency
of the absorption region.

When" the collector region is
modeled as a photodiode with reverse bias

Vi, one can obtain (see Fig. 1)

e =1, +1,, .+:(3)

l.; = dark current
I = photo current generated in the
base and collector region

(1)

due to light absorptioi.

The mmcident power increased the
collector- base leakage current from dark
current Ly 1o ( Iy + e )

From the solution of the continuity

) 1] (6)

D
. =qA—=P o i,
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equation, one can get

L,

Using eqn. (6) into eqn. (5) yields:



Iraq J. Electrical and Electronic Engineering
Vol.4 No.1, 2008

i IV iy o)) il 481 5al) el
2008 ¢ 1 2l ¢ 4alae

3 nal &

L. = ..(8)
WA el
The total emitter current is
=l -1, (9)
= e ..(10)
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The total collector current is computed as;
IL e l~|||II + ]m.}_ Ilhl'

= vyl + (L +1,,) BHARY

Since the current is constant
through the device and the net base current

must be zero, then I, + I, =0 Thus
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Eng. 13 shows how the forward bias of
cinitter  junction (Ve) increases  in the
presence of flux of light W, through the

parameters F2 and Ly,

Substituting eqn. 13 into |1 yields
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Since the DC current gain by is expressed

a5

iy = —eit .(16)
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2, Speed of Response

It 15 well known-that the basic
operation conditions at switching transistor
is a large- signal (ransient process. The
most important issue to be addressed for a
switching bipolar transistor is the interplay
between the current gain the switching
time. The small gain- band width product
(GBP) of a bipolar transistor is usually
computed as fr = V2 1., where 1. 15 the
total emitter- o - collector signal delay
time [2]

T, =T, + T, +1, ..(18)
In eqn. 18 ‘

t. = Charging time of the junction
capacitance through the emitter
dynamic resistant r, =kT/ql,

. = BBase transil time

w = Collector depletion layer
transit Lime.
For the ideal case the emitter current is

calculated from
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1, =%ﬂ:‘m (19)
where

n = Quantum efficiency of the
photodiode

I, = incident input power
hv = photo energy

The charging time 1. is calculated from

L=re( G4 C) e 0 20)
where
C. = Emitter capacilance
C. = Collector capacitance
The times 1, and tp are given by [3]
|
Wy
Ty = (21
" 2D, 2h
1, =L ()
2v

where v, is the saturation wvelocity in the

collector.

When the optical power incident on
the HPT increases suddenly att= 0 from
(Pudwin to (Pi)as, the general equation that
describes the temporal response of the

collector current may be expressed as;,

L(t)=1, + (1, + 1, )exp(-t/1) ...(23)
where I; and Iy are the initial and final
values of the collector current:
L= (04 B Mt (24a)
Le = (14 By M josee (24b)
In eqn. (24)

(1) min = photogenerated current

due to minimum input power
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I{pl 1) max =

due to maximum input power

photogenerated current

The time constant governs the response of

the transistor is given by [4].

T= l'nr.[te Ty * Tu]

.(25)

The rise time (defined as the time
required by L. to change from 10 to 90
percent of its final value) of pulse response
is calculated from eqn. (23)

- :[M]

(0, -009) {26)
where O, (zactual collector photocurrent /
saturation limited collector),
measures how far the device
15 driven into saturation.
3. llustrative Results
The parameter values used in the
calculations are given in Table 1 [1]. The
input  power is assumed to be switched
from (Pi) win = 0 10 a (Pin) wax = Pin
The dependence of rise time (1) on
the incident power (Py) is calculated as
shown in Fig. (2a) for different values for

base width. When 1.

is the dominant
response time constant, the variation of Wy,
has a negligible effect on 1. However,
when a sufliciently large input signal is
used, then 1. < o, + ty and the rise time
decreases significantly with increasing Wy,

Figure 2a also reveals that the rise
time decreases as the

input  power

increases. The rise time t, is equal to 5 ns,
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Figure 2a also reveals that the rise

time decreases as the input power
increases, The rise time 1, is equal to 5 ns,
2 ns, and 1 ns when Wy, = 30 nm, 50 nm,
and 70 nm, respectively and Pin =50 pW
Figure 2b shows the rise time as a function
of input power Py, and the width of
collector depletion region Wy, The base
width 100

calculations. This figure highlights the

is taken as in these

mm
following fact. The rise time is less
sensitive to Wp than the W, For the
parameter values used in the simulation, t,
wil

is almost insensitive o

for
We= 1 pm.

The dependence of total time delay
(Emitter- collector time delay) .. on base
width is displayed in Figs. 3a and 3b when
Ly and Py, are taken as independent
parameters, respectively, Motice that T,
less than | ns is expected to be achieved in
HPT when P;,=100 nW and W,, =0 45 pm
(e. hgg = 160). Reducing the level of Py,
reduces 1., and hence reduces the transistor
bandwidth (1/2x .) and gain bandwidth
product fr = hgp / (2 n 1) as depicted in
Figs. 4a and 4b.

The rise time of device has been

caleulated or values of the

different
parameter Oy, and the results are shown in
fig. 5. The rise time is an decreasing
function of Oy and hence to increase the
switching speed of the HPT, the value of

Oy must be increased.
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4. Conclusions

The effect of device parameters on
the speed of swilching operation of
1.3 pm InGaAs/InP HPT

characterized. The main findings of this

have been

paper are:

(i} The response time conslant associated
with temporal response is affected by
both hye and incident power. It is
more  sensitive to the input power
than diffusion length L, at Wy > 0.5
pm.

(ii) High gain — bandwidth product iy can
be obtained at high input power and
high current gain hy:.

(iii) The effect of the base width on the rise
time is more pronounced at higher
values of input power

() To reduce the dependence ol rise time
on input power and hyg, an external
electrical bias current and large value
ul Uy ( Uy == | ) must be used,
respectively.
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Fig. 2.1 Model of bipolar HPT
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Fig. (2)- Response time constantTas a function of base width W,
a- for different values of L,

b- for different values of P;,
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Fig. (4)- Rise time (; as a function of input power P,
a- Effect of base width W,
b- Effect of depletion width collector junction Wy,
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Fig.

(5)- Rise time t, as a functiun of input power I+,
a- Effect an external base current Iy,

b- Effect of factor Q, ( = I/1.)
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